Despite bans and restrictions for their adverse health effects including endocrine disruption, due to their stability in the environment, polychlorinated biphenyls (PCBs) are still of concern for their residues in several matrices. This study employed low-density ultrasound-assisted emulsificationmicroextraction (USAEME) to measure selected PCBs (28, 52, 101, 118, 138, 153, and 180) in water samples for gas chromatography-mass spectrometry analysis. Among tested solvents (isooctane, chloroform, hexane, and cyclohexane), 200 μL isooctane resulted in the highest yield for a 10 mL sample. The optimized method was validated and yielded recoveries of 87.29-92.83% with the limit of detection and limit of quantification (LOQ) values 3-12 ng/L and 10-40 ng/L, respectively. Twelve tap water samples collected in September 2014 were screened using this simple, rapid, and validated method. PCB concentrations in two samples were above the LOQ values; one sample contained 1,380 ng/L of PCB 118, 530 ng/L of PCB 138, and 152 ng/L of PCB 153, and the other contained 444 ng/L of PCB 138. Despite the city water supply being clean and the municipality employing all available measures to ensure clean water supply, the general public must be made aware of the regular maintenance of local water pipelines and storage tanks for the prevention of PCB contamination. Relative standard deviation.
INTRODUCTION
Nonetheless, PCBs are still produced and used in many developing countries. PCBs also continue to be released into the environment from old equipment and waste disposal sites, posing an ongoing threat to human health and the environment (Porta & Zumeta ; Yurdakok et al. ) .
The detection of trace levels of PCB residues in water is generally performed via the chromatographic method combined with mass spectrometry (MS); however, before PCBs can be analyzed they must be extracted from source material using one of a variety of extraction methods. Extraction is very important as the method chosen can affect the quality of measurement of the analyte obtained (Chen et al. a, b) . A modified DLLME technique known as ultrasoundassisted emulsification-microextraction (USAEME) was developed for the detection of synthetic musk fragrances, phthalate esters and lindane in aqueous samples (Regueiro et al. ) . USAEME was shown to be an efficient, simple, rapid and inexpensive extraction procedure for gas chromatography (GC) analysis. USAEME uses ultrasonic radiation instead of a disperser solvent to assist emulsification which was consolidated as a simple and efficient extraction and preconcentration procedure for minor compounds in aqueous matrices. USAEME requires only a small volume of extraction solvent and the extraction solvent is emulsified by ultrasound waves that boost mass transfer from the aqueous phase to the organic phase by promoting the formation of a large surface area. To date, USAEME has been successfully used to analyze fungicides The time required for emulsification via the USAEME method is in the range of 5-10 min. This time range is significantly greater than what is necessary to disperse an organic solvent via the DLLME method. Moreover, in both USAEME and DLLME due to the difficulty collecting micro volumes of floated organic solvents, the selected extraction solvent must be denser than the aqueous sample (Rezaee used USAEME with an organic solvent with lower density than water (toluene) to detect PAHs and organophosphorus pesticides in water samples, and very high enrichment factors were obtained; however, the methods they employed required a special extraction device to collect the floating organic solvent, after centrifugation.
Based on a search of the literature, there is only one study on the use of USAEME for detecting PCBs in water samples (Ozcan et al. a, b) , but literature is available for the use of USAEME with low density solvents (LD-USAEME) to detect PCBs. Therefore, the present study was aimed at determining if USAEME, assumed as an innovative and environmentally friendly technique, 
MATERIAL AND METHODS
All chemicals used were of analytical grade. The PCBs mixed standard including PCB 28, 52, 101, 118, 138, 153 and 180 was obtained from Dr Ehrenstorfer Laboratories (Augsburg, Germany). Solvents including chloroform (density 1.48 g mL À1 at 20 W C), n-hexane (density 0.66 g mL À1 ,
at 20 W C), isooctane (density 0.69 g mL À1 , at 20 W C) and cyclohexane (density 0.78 g mL À1 at 20 W C) were obtained from Merck (Darmstadt, Germany). Ultra-pure water was obtained using a Millipore system (Millipore, Molfheim, France). Standard stock solutions of target compounds
(1 mg L À1 of each PCB) were prepared in methanol and stored in the dark at 4 W C. Water samples were prepared daily by spiking ultrapure water with analytes at known concentrations (25 μg L À1 of each), so as to access extraction performance under various conditions.
A modified USAEME procedure was used (Ozcan et al. a, b) . Recovery experiments were performed to determine the efficiency of USAEME using low-density organic solvents instead of high-density chloroform. First, the extraction efficiency of n-hexane, isooctane, cyclohexane and chloroform was determined. Thus, 10 mL of fortified distilled water GC conditions were as follows: initial temperature 70 W C, 2 min isothermal, 25 W C min À1 to 150 W C, 3 W C min À1
to 200 W C, 5 min isothermal, 8 W C min À1 to 260 W C, 5 min isothermal (total 39.37 min). PCBs were analyzed in selective ion monitoring mode in splitless mode for quantitative measurement of the analytes. The solvent delay time was adjusted to 12 min so as to bypass the solvent peak.
To evaluate the proposed USAEME method such parameters as selectivity, linearity, LODs, LOQs, repeatability and recovery were determined using fortified distilled Tap water samples were collected in September 2014 from 12 sites connected to the drinking water supply network in Ankara, Turkey. Samples were stored in the dark at 4 W C before unfiltered use, as proposed by the method. To eliminate any potential matrix effect for the quantitative measurement of the PCBs, samples were spiked with the standards. In parallel, three aliquots of each of tap water sample were analyzed. RSD and recovery were assessed in spiked tap water samples at three different concentrations (0.5, 1.5 and 5 μg L À1 ).
RESULTS AND DISCUSSION
The selection of an extraction solvent was the most impor- Following centrifugation, n-hexane, cyclohexane and isooctane floated but chloroform remained at the bottom of the centrifuge tube after phase separation, because the density values of the selected organic solventsexcept chloroformwere lower than that of water. Figure 1 shows the extraction efficiency obtained with each solvent. N-hexane, cyclohexane and isooctane yielded better analytical signals; however, n-hexane and cyclohexane did not form a clear interface with the water sample after centrifugation, making them more difficult to retrieve. Additionally, n-hexane and cyclohexane evaporated more quickly than the other solvents due to their relatively higher vapor pressure. Isooctane did not suffer from these problems and its repeatability was the best. The polarity indexes for isooctane, n-hexane, cyclohexane and chloroform were 0.1, 0.1, 0.2 and 4.1, respectively (Merck leaflet). As is known, the polarity index is a measure of the relative polarity of a solvent and is useful for identifying suitable mobile phase solvents (Basheer et al. ); therefore, as isooctane has a low polarity, a better distinction was observed in the current study. Isooctane also has low toxicity (oral median lethal dose in rat >5 g kg À1 body weight), a high boiling point (99 W C) and low vapor pressure (5.1 kPa at 20 W C) (Merck leaflet), which is why it was used in the present study. Similar observations with organochlorine pesticides in water have been reported (Zhang & Lee ) .
The results of extraction of 10 mL of aqueous solution containing 25 μg L À1 of each PCB and 100-400 μL of isooctane via USAEME for 10 min and centrifugation for This was probably due to the fact that the ultrasonication water bath generated the emulsion quickly, rapidly making a very large contact surface area between the extraction solvent and the aqueous phase; as such, 10 min of ultrasonication was used in the present study.
The objective of centrifugation is to break down an emulsion and collect the extract at phase. Centrifugation time also plays an important role in extraction recovery of selected PCBs (Kamarei et al. ) . The results are shown in Figure 4 . There was no significant change in signal intensity between 5, 10 and 15 min of centrifugation. As the best results were obtained with 10 min of centrifugation, this was considered sufficient to break down the emulsion and result in phase separation. Selectivity is the ability to differentiate between compounds that is achieved via separation or detection. The selectivity of the present study's method is shown in Figure 5 .
A column that facilitates maximum selectivity was used in the present study. Depending on the compounds, calibration curves yielded satisfactory linearity in the range of 0.5-5.0 μg L À1 for the selected PCBs with correlation coefficients >0.999. LODs ranged from 3 to 12 ng L À1 , and
LOQs ranged from 10 to 40 ng L À1 . The optimized procedure was validated and yielded recovery between 87.29 and 92.83%, with RSD values of 2.24-4.14%. The method's validation parameters are given in Table 1 .
A comparison between the low-density USAEME technique described herein and other published techniques for the extraction of PCBs using conventional USAEME (Ozcan Table 2 . Isooctane, used as an extraction solvent in the present method, is less toxic than other solvents. Extraction time (Table 2) for the present method was shorter than that for SPME, PC-HFME and SBSE methods, but longer than for conventional USAEME and VALLME methods. Additionally, LOD values for the present method are better than those associated with conventional USAEME. The most important disadvantage of USAEME is the high level of ultrasound energy required, which can degrade analytes in water and can irreversibly damage analytes. To overcome the potential analyte degradation associated with USAEME, Yiantzi et al.
() developed the method in which the extraction solvent is dispersed into aqueous samples via vortex mixing (a powerful, but mild emulsification procedure); however, extraction of PCBs via VALLME is performed using chloroform.
The applicability of the described extraction method with a tap water sample was investigated, and the results are presented in of PCB 138. The source of contamination of all PCB-positive samples was investigated, and old plumbing systems and water storage tanks were assumed to be the source. It was concluded that even though the city water supply is clean and the municipality employs all available measures to ensure a clean water supply, the general public must be made aware of the importance of regular maintenance of local pipelines and storage tanks for the prevention of PCB contamination.
CONCLUSIONS
The present study demonstrated the practical application of a low-density solvent USAEME procedure for measuring PCBs in tap water samples using GC-MS. A 250-μL syringe was used to easily collect floated organic solvent on the surface of aqueous samples. The optimized extraction conditions for 10 mL of sample were as follows: 200 μL of isooctane as extraction solvent; ultrasonication for 10 min; centrifugation for 10 min and without added sodium chloride at 25 W C. The proposed method was also used to analyze tap water samples. As there were no matrix effects observed, quantification was easily performed via calibration, using extraction from samples including standards in doubly distilled water. Finally, based on the findings that the proposed method is an efficient, rapid, simple and inexpensive microextraction method, we think it can be used as an alternative to DLLME and conventional USAEME methods both of which use organic solvents that are denser than water.
